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Introduction: Lava–ice/snow interactions can re-

sult in unique geomorphic expressions, such as the 

development of thermokarst terrains [1, 2]. Identifying 

such terrains provides insight in the paleoenvironmen-

tal conditions of the region at the time of emplacement, 

which can further be extrapolated to understand lava–

ground-ice interactions on Mars. 

Background: The ~2000-year-old Lost Jim lava 

flow (LJLF) in Seward Peninsula, Alaska is an excep-

tional area for investigating lava–ice/snow interactions 

because of its interaction with ice-bearing permafrost 

[3, 4, 5]. The LJLF consists of lava 3 – 30 m thick in a 

main branch that flowed ~35 km to the west and a 

smaller branch that flowed north terminating as a lava 

delta in the Imuruk Lake (Fig. 1). Surrounding the 

flow, particularly on the western end, are thermokarst 

lakes and sinks that formed from summertime thermal 

pulses. This study focuses on determining if similar 

features occur on the lava flow from lava-induced melt-

ing. The flow is populated with depressions and classic 

pāhoehoe features, which need to be differentiated in 

order to understand the emplacement environment. 

 
Figure 1. Context of the Lost Jim Lava Flow region on 

Seward Peninsula, AK.  Boxes indicate study areas. 

Methods: We generated digital terrain models 

(DTMs) and orthophotos for two IKONOS (IK) and 

one Worldview-1 (WV-1) stereo image sets, using 

BAE Systems SOCET GXP (SGXP) software. Digi-

talGlobe data was made available by NASA’s National 

Geospatial-Intelligence Agency (NGA) Commercial 

Archive Data (cad4nasa.gsfc.nasa.gov) under the 

NGA’s NextView license agreement. We used the 

ArcMap interface to overlay products and define geo-

morphic units. We measured feature dimensions from 

the local DTMs using the Spatial Analyst tools.  

SGXP output DTMs with 3 m resolution for IK and 

2 m for WV-1. Vertical accuracy is on the order of 

original image resolution (~1 m and 0.5 m, respective-

ly). We created orthophotos with native resolution. 

Additional single images from GeoEye and 

Worldview-2 had different illumination angles and 

resolution so they were helpful to interpret features. 

Mapping of the LJLF demonstrated a variety of nega-

tive- and positive-relief features, which followed cer-

tain patterns suggestive of their origin (Fig. 2). 

 
Figure 2. Highlighted sections of geomorphic maps 

created from the SGXP-generated local DTMs. 

Results: Negative-relief features. Negative-relief 

features included depressions and lava tube ‘skylights’ 

(Fig. 3). Depressions were the feature of interest for 

lava–permafrost interactions, as they could represent 

collapse into voided pore space created by the melting 

and removal of permafrost. Depressions occurred 

throughout the main flow and lava delta, but were most 

concentrated on the western end of the main flow (Fig. 

2). They varied in shape (circular, elliptical, irregular) 

and widely in size, although the average depth (d) and 

diameter (D) were ~2 m (σ = 2 m) and 20 m (σ = 16 

m), respectively. Pits on the lava delta were slightly 

smaller D ~16 m, but with a similar d. There was a 

distinct set of small pits (D < 5 m), generally forming 

immediately adjacent to the lava flow. Elliptical lava 

tube skylights were ~ 4 m deep with steeper walls. 

Positive-relief features. Positive- and mixed-relief 
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features included tumuli and/or shatter rings (Fig. 3). 

Of the features on LJLF, these were the easiest to iden-

tify from their distinct morphology and pattern. Two 

groups of features that could be tumuli or shatter rings 

ran east-west, the larger group along the middle portion 

of the flow and small, shorter group farther north. Both 

groups formed sinuous traces and had elongated fea-

tures with domed (up to 15 m vertically), cracked (1 – 

5 m deep) surfaces. A third group also formed an east-

west trace, but were circular with rubbly interiors and 

rims raised 1 – 3 m, more indicative of shatter rings. 

 
Figure 3. Negative- and positive-relief features at 

LJLF (a–c) depressions, (d) skylights, (e–f) tumuli 

and/or shatter rings. Elevation change is 10 m for (a–c) 

and (f) and 20 m for (d–e). Red represents high terrain; 

blue is low.  

Interpretation: Features such as tumuli, shatter 

rings, and skylights were easy to classify because they 

had distinct surficial expressions and sinuous traces 

(presumably representative of underlying lava path-

ways). However, depressions were hard to assign to a 

specific formation mechanism. Pits of alternate origin, 

in particular lava-rise pits—formed by topographic 

inversion through the process of lava flow inflation 

around a topographic obstacle or region of stalled 

flow—complicated the identification of pits as thermo-

karst collapse. Thermokarst collapse pits and lava-rise 

pits were too morphologically similar from a remote 

sensing perspective for distinct separation. Characteris-

tics that would be conclusive include horizontal clefs in 

the pit walls, indicative of inflation, or pit depths great-

er than lava thickness, indicative of a complete subsid-

ence into the substrate. Clefts cannot be seen in satel-

lite data. Depths can be measured with the current 

DTMs, but lava thickness cannot always be deter-

mined. While there were some pits with depths similar 

to the average lava thickness, they do not occur where 

the thickness can be measured directly. Further, the 

lack of complete collapse into the substrate does not 

preclude collapse do to a lesser degree of melting.  

Despite this ambiguity, trends showed that pits be-

come more irregular, clustered, and frequent towards 

the western end of the flow, which coincided with an 

increase in thaw lakes on the surrounding terrain. This 

may indicate easier access to the permafrost for a lava 

thermal pulse. The second area most likely to be from 

lava-induced melting was the margin pits along the 

edge of the lava. These pits may result from lateral heat 

transfer and/or steam escape in areas with less over-

burden allowing for more ready pitting. 

Implications for Mars: Elysium Planitia, Mars, is 

a location that could have had coincident volcanic ac-

tive and ground-ice. Particularly interesting is the Cer-

berus Fossae 2 (CF-2) unit, which has volcanic rootless 

cones and pitted terrains located near the Tartarus Col-

les. This suggests that a range of lava–snow/ice interac-

tions occurred in this region [6]. Key differences be-

tween LJLF and martain features are the size and dis-

tribution of depressions. These could be explained by 

lava emplacement method or amount of ground cover 

or ice present. LJLF was tube-fed, while the CF-2 unit 

was emplaced as a sheet-like flow. This changes the 

interactive surface area at any given time. Permafrost is 

naturally heterogeneous, so concentrations of ice could 

cause differential melting. Similarly, insulating ground 

cover will influence the heat transfer efficiency; for 

example, the old flow underlying parts of LJLF may 

provide better insulation than normal tundra. Despite 

differences, LJLF is useful to understand Mars with 

these considerations. 

Conclusions: Given the details of satellite data, it 

is impossible to determine conclusively which depres-

sions on Lost Jim lava flow formed through thermo-

karstification. However, the pattern of pits on the west-

ern end of the flow and the pits immediately adjacent 

to the flow or on the flow edge are promising locations 

of potential lava–permafrost interactions. Future work 

would benefit from high resolution aerial photogram-

metry and fieldwork to identify the defining character-

istics of depressions formed through lava-induced melt-

ing of permafrost. 
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